Refractometric Determination of Formation Constants of Au(III), Pt(IV), Os(VIII) & Ir(III) Complexes by Upadhyay, R. K. & Bansal, (Miss) R. R.
INDIAN J. CHEM., VOL. 15A, AUGUST 1977
Refractometric Determination of
Formation Constants of Au(III), Pt(IV),
Os(VIII) & Ir(III) Complexes
R. K. UPADHYAY* & (Miss) R. R. BANSAL
Department of Chemistry, ~.R.E.C. College, Khurja 203131
Received 6 April 1976; revised 21 November 1976
accepted 21 February 1977
Brandel's ~raphic method of deterrntning form.ation
constants of com.plexes has been applied to new
systems in non-aqueous medium. The refractometric
results (stoichiom.etry and stability) are com.pared
with those obtained using well known spectrophoto-
metric methods,
SPACU and Popper's method- of determiningstoichiometry of complex compounds in solutions
was extended bv Brandel- to determine formation
constants which however was applied only in the
case of some well known acetate complexes. In this
note, the application of Brandel's method in deter-
mining formation constants of som<: new complex
compounds in non-aqueous solvents IS reported.
For a mixture of two solutions whose components
do not react with each other, the refractive index
can be calculated as a sum of the refractive indices
of the individual solutions and the resultant refrac-
tive index depends linearly on the total concentra-
tion of the mixture. But in case a reaction occurs
between the dissolved components, the refractive
index of the mixture does not have a theoretical
value and the deviation, An(ntheor-nexp) can be
calculated by knowing the value of ntheor from
Eq. (1).
pdtnl+qd2n2
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Here ntheor is the refractive index o~ ~ixt.ure
assuming no reaction; n1, n2 are the refractive indices
of individual components; and dl, d2 and p, q are
the respective concentrations and volumes of the
two solutions.
Inflexions in the plot of An versus concentration
of the mixture reveal the stoichiometry of the
dissolved complex.
Brandel in his graphical method, calculated the
degree of dissociation (oc)of the dissolved complex
using the Eq. (2).
An2-6nloc= An2
An and AnI are the values of refractive index
u 2 • f
deviations corresponding to actual co.ncen.tr~tIOns 0
complex compound assuming no dISSOCIatIOnand
after dissociation respectively. .
The formation constant (Ks) can be obtained
using Eq. (3) provided the value of the degree of
dissociation (oc)is known.
l-oc
Ks=-Coc2
(when one mole of each component reacts to form
one mole of complex).
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TABLE 1 - CONDITIONAL FORMATION CONSTANTSOF
COMPLEXES
MediumComplex
compound
Ksxl0-5
Refracto- Spectro-
metric photometric
Au(III)-A Dioxane 1·29
Au(III)-B do 1·97
Au(III)-C do 5·20 7·39
Au(III)-D do 10·65 5·23
Au(III)-C Acccone 0·93
Au(III)-C Ace t.mitri le 2·76
Au(III)-C Ethanol 1·39
Pt(IV)-C Dioxane 3·77
Pt(IV)-D cia 8·91 2·12
Os(VIII)-A do 0·83
Os(VIII)-B do 1·94
Os(VIII)-C do 2·45
Os(VIII)-D clo 4·38
Ir(III)-C do 4·08
Ir(III)-D clo 9·84
A, B, C ancl D arc the p-ioclo-, p-bromo-, p-cliethylamino-
and p-climethylaminoanils of 3-benzoylmethylglyoxal.
... (2)
Here C is the total initial concentration of the
complex in solution and K; is the conditional
formation or stability constant.
All the metal ions were used as chloride salts
except Os(VIII) which was used as oxide (obtained
from J. Matthey & Sons, London). Solvents were
BDH (AR) products. All the four ligands, p-iodo-
(A), p-bromo- (B), p-diethylamino- (C) and p-di-
methylamino- (D) anils of 3-benzoylmethylglyoxal
were synthesized in the laboratory-.
All the refractive index measurements were carried
out at 230 ± lOusing Abbe's refractometer. Density
(thickness) of the solutions was always found to be
1·0. Inflexions appearing at 1: 1 ratio (metal-ligand)
in the case of Pt(IV), Au(III) and at 1: 2 ratio
in the case of Os(VIII) and Ir(III) systems irrespec-
tive of solvent medium reveal stoichiometry of the
respective complexes. The conditional formation
constants of the complexes were calculated using
Eqs. (1-3) and the values are noted in Table 1.
Values of Amax for the ligands C (357 nm),
D (380 nm) and the complexes Au(III)-C (390 nm),
Au(III)-D (500 nm) were determined following the
method of Vosburgh and Coopers. These results
indicate the formation of only one complex during
the interaction of the reactants.
The complexes were studied by Job's method- for
equimolar (0·33 X 10-3M) solutions at constant total
volume (5 ml). Absorption curves plotted between
optical density and metal/metal-ligand showed
maxima at ---0·50 indicating 1:1 stoichiometry of the
complexes. In the mole-ratio method", non-equi-
molar reactant solutions were used. Inflexions in the
mole-ratio curves also indicated the same stoichio-
metry of the complexes as arrived earlier. The
conditional formation constants of the complexes
were calculated by making use of mole-ratio results
and values are noted in Table 1.
The data (Table 1) show a good agreement
between refractometric values and those obtained
from spectrophotometric method. It has also been
an important inference that stoichiometry is indepen-
dent of the solvent medium.
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The polarographic behaviour of L-glutamic acid
IHOOCCH2CH.CH(NH2)COOH] in 1%DMSO and in the
presence of O·IM NaClO. and 0·002% Triton-x-l00
has been studied. The electrode process is irrever-
sible, two-electron transfer and diffusion-controlled
under the experimental conditions. Kinetic para-
meters, viz. transfer coefficient (a) and formal
rate constant (Kf.h) for the electrode reaction have been
determined by Koutecky's method. The enthalpy of
activation for the electrode reaction is 8·50 kcaljmole.
The results have been interpreted on the basis of the
-extstence of L-~lutamic acid in 1% DMSO as a
zwitterion.
ASURVEY of literature reveals th~t not muchwork has been reported on the direct polaro-
graphic behaviour of L-glutamic acidl-3.. He.nce a
detailed polarographic study of L-gI~tamic acid has
been carried out in 1% DMSO and m the presence
of O'lM NaCI04 and 0·002% Triton-x-l00. The
effect of using varying concentration.s ?f DMSO,
various aquo-organic media, viz. acetonitrile, ~etha-
nol, ethanol, isopropanol, and DMF and different
supporting electrolytes, viz. LizS04, NaCI04, KN03.
KCI, (CH3)4NBr and (C2Hs)4NBr, has also been
studied.
L-Glutamic acid was biochem 'A-Grade' (BDH)
and all other chemicals were of AR grade (BDH).
L-Glutamic acid was dissolved in 1% DMSO by
heating the stirred mixture on a water-bath at
50-600 for 2 hr. A manual polarograph with
scalamp galvanometer and SCE as reference electrode
was used for recording the polarograms at 300 ± 0.10
in a H-ceH. The supporting electrolytes used were
polarographically inert in 1% DMSO in the pote~tial
range -0·10 to -1·70 V .vs S~E. A.ll so!utIOns
were deaerated by with passing high purdy mtro~en
for 15 min. The capillary had the following
characteristics in 1% DMSO, O'IM NaCI04, 0·002%
NOTES
Triton-x-100 and in 8·10-4M glutamic acid at a
potential 1·33 V (vs SCE) with hefJ value 50·37 ern.
m = 2·143 mg/sec, t = 3·56 see/drop
L-Glutamic acid gave a single well-defined cathodic
wave under these conditions. The conventional log
plots of the reduction waves for ~lutamic acid w~re
linear but their slopes were not 111 agreement WIth
the theoretical values of reversible waves, indicating
the irreversible nature of the electrode reaction.
The half-wave potentials were found to be slightly
dependent on concentration, a characteristic feature
of the irreversible waves.
Diffusion curren t (id) changes linearly with
glutamic acid concentration in the. ran~e 32x 10-6
to 1 X 10-3.'1 and mean value of I (diffusion current
constant) was found to be 3·587. For 8x 10-4M
glutamic acid id/heff in the height range 37 to 57 em
was 0·898 (l.A cm-1/2 and temperature coefficiei: t of
id was found to be 0·853% per degree in the range
25-450 which were almost constant within experi-
mental error, indicating diffusion-controlled nature
of the wave.
Polarograms of 5 X 10-41\.1 glutamic acid in the
presence of 0·11\.1different base-electrolytes produce
a well-defined irreversible cathodic wave. The
nature of the wave remains unchanged and the
diffusion curren t Constan t (I) has the followin g order:
(CH3)4NBr>KCI> KN03 > (C2Hs).NBr > NaCl04
>Li2SOI.
This may be due to the change in the composition
and viscosity of solution' (I oc l/viscosity).
The values of I, El and the slopes arc summarized
in Table 1.
The polarograms of 8 X 10-41\.1 glutamic acid in
O·IM NaCI04 using 50% (by volume) different
orgauo-aqueous media, were recorded which showed
an irreversible cathodic reduction wave. The values
of diffusion curren t con stan t in dineren t solven ts
such as acetonitrile, methanol, ethanol, isopropanol,
DMSO, DMF are 1'674, 1·644, 1,552, 1,309, 1·216
and 0'973 at PH 3'70, 3'72, 3·75, 3'79, 4·50 and 4·52
respectively. .
The I values in different solvents follows the
following decreasing order acetonitrilec-rnethanol
> ethanol> isopropanol> DMSO > DMF. This
may be due to decrease in dielectric constant of
the solution which leads to an increase in the size
of diffusing species- or may be due to increase in
ionic in teractions''.
Distortion in waves in DMSO and DMF was due to
depletion of [H+] at the dropping electrode surface".
Mechanism of electrode reaction - It is observed
that increase in the [DMSO] brings about a corres-
TABLE 1-EFFECT OF DIFFERENT SUPPORTING ELECTROLYTES
Supporting I -E; (V) Slope
electrolyte
(CH.),NBr 4·087 1·3765 0'1125KCl 3·989 1·3490 0·1143KN03 3·941 1·3445 0'1167(C.H6),NBr 3·756 1·4420 0·1071NaCIO. 3·599 1·3465 0·1000Li.SO, 2·919 1·3510 0·1000
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